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Description 



SZ^JZT" * 3 °' ^na.oorganosiianes and to certain isocyanatoorga- 
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nosilanes so prepared. 
Background of the Invention 



silent ntah^ ^H^r T* *" 3 °' PrSParin9 ^^toorganosilanes. including isocyanatoalkyl- 

made m relatively low volumes by inefficient or costly processes o-organos.ianes nave been 

„n Ji 0 r a ? XamPle ' isoc y anatoor 9an°silanes have been prepared by processes involving addition of hydrosilanes to 
unsaturated isocyanates, part,cularly allyl isocyanate. in the presence of a noble metal catalyst AIM isocvanate ts a 
highly toxK raw material of limited commercial availability. caiaiysi. Aiiyi isocyanate is a 

Processes are also known in the art wherein isocyanatoalkylsilanes are prepared from carbamato-alkvlsilanes *t 
a low temperature in the liquid phase, or from aminoalky.silanes and highly toxic phosgen^a^ 
phase processes d,sclosed thus far suffer from one or more disadvantages of low yield stow tonetS for hS v 
toxic raw matenals. need for extensive work-up or purification often in The presence of h gheMevS of ctoseiomno 
contaminants, and substantial generation of by-products and waste materials close-bo.ling 

nyaroiyzaoie s.hcon-oxygen bond, and the silane moiety does not contain additional alkoxy groups as are oresent and 
often necessary ,n current commercially useful isocyanatoalkylsilanes P 

The present invention surprisingly provides a method wherein isocyanatoorganosilanes are provided in hioh vield* 

ached to silicon atoms through branched hydrocarbon groups. Such branched hydrocarbon grouSrespond to aneed 
rsTr^e^ " - -ocyanatoorganosilane, including 

th« i^irJT^? °' PrSSen ! inVenti ° n C3n a,S ° PfOVide ^ocyanatoorganosilanes wherein the silicon atom bear.no 

Summary of the Invention 

SS? ? ^ at0mS> Sach R " S8 P ara,el ' ^presents R or a silyl group FWSI- or a s iloxy qroup R S 

(OS.R2) m - wherein m is an integer having a value of 1 to 4 or when x is 0 or 1 two R- <™,.«« ,ZZ* , 3 
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R", K and x are as defined above. While the R and R" groups may vary within the product isocyanatoorganosilane 
or staring camamatoorganosilane molecules, the R and R" groups attached to the oxygen atoms in the isoSana 
toalkylsilanes will generally, but not necessarily, be the same. 'socyana 
Thus, the method of the present invention is represented by the following general equation: 



Heat 



R,(R"0) 3 . iS iR'NHC0 2 R ~™> R„(R«0),_,SiR'NCO + ROH 

to h s e 0 oi. n c'-S: ZllH Tl 35 d6fined ab ° Ve - Preferably thS reaCti ° n is conduct ^ at an elevated temperature of 300- 
,ho? a !T T? . PreSent ' nVenti0n Ca " bS performed in continuous fashion in any flow-through apparatus 
having the capacity for maintaining an inert diluent atmosphere or a reduced pressure, for vaporizing the carbama- 

TTT^TJZ o a,eria,S ' f ° r Pr ° Viding 3 heated reaction 2one at an elevated temperature, pref erabfy in Z r^ae 
of about 300--600- C. for removing the ROH by-product, for maintaining physical integrity agaL the relatively Wgh 

co^n PeratUreS ' and minimi2inQ therma ' COnVerSi ° n ° f the i3ocyanatoorganosnanes so fc^SSSSSS 
containing ceramic compositions which can accumulate in the apparatus 

use a1^T^H^T a(b0n i SOC i anates have besn P re P ared at hi 9" temperatures in flow-through equipment, the 
une^S 171 f h TT rarbama,0 ° faa "°silanes cleanly and at high yield to isocyanatoorganosLes was 
ZntfrZ i! 9 temperature thermal inversions of a variety of organosilicon compounds to silicon- 

r 3 zizzESsr"* siiicon siiicon ni,ride - snicon -*-** and i-— *~* « 

^l 1 ; TnT Shin9 ^° b ° U 1 d by the0,V • il may be th3t thS 935 Phase P fe P ara «°n °' isocyanatoorganosilanes can 
Hrl th! 9 V *'? a " Pri ° r NqUid phaSS P re P aration bec ause the gas phase process. T essence, may 

permit the reaction to proceed more on a unimolecular scale. Vaporization of carbamatoorganosilanes in principle 
separates each sifcne molecule from closely bound equivalent molecules as encountered in the liquid phase T^us 
by-product or heav.es formation by bimolecularortrimolecular reactions which occur in the liquidphase may be reduced 

°T h ? d r ga ! pha f^ 

.n the reactor can be aided by adjusting the rate that the vaporized carbamatoorganosilane is introduced into the 

S m?n^hw ™ " TTi^T ^ ™° ^ 3 reaCt0 ' depends ° n a variet y of 1a <*™' can readily be 

determined by one skilled in the art using routine optimization. 

One side reaction encountered in the liquid phase but not in the gas phase is the formation of close-boiling cyclic 
where R is a methyl or ethyl group, in the liquid phase to about 1 40° C causes 

Heat R,(R"0) 2 . J| Si-NC0 2 R" 
R x (R"0) 3 . x SiR'NCO — --> ^ ^ 

significant rearrangement of isocyanatoorganosilane to cyclic silyl carbamate where x is 0, 1, or 2 Correspondingly 

asT^-S^ Pr ? Pared " qUid Ph3Se C ° n,ain si 9 nifican t.y higher contents of cyclic sily. ca*ama?es 
as c tose-bo.l.ng contaminants, compared to the same materials prepared by the present invention 

no t^rS^^f*™? me,h0d °' the present invention P rovides isocyanatoorganosilane products requiring 
atooroLos^ use Where an impurity is present, the impurity is essentiaHy the'starting carbarn 9 

atoorganos.lane. which can be removed by simple distillation and recycled to provide additional product 

<CH^n!^£ S J!™%Tu^IT P resem , inVen,i0n ' name,y «ocyanatoorganosilanes. and particularly (MeO^Si 
S« f ] t (CH2) 3 NCO - are artlc 'es of commerce, with numerous uses in manufacturing industries. One 

use. for example, is in the preparation of silane-grafted polymers as disclosed in U.S. 4,113,691 and U. S. 4,146.585. 

DETAILED DESCRIPTION OF THE INVENTION 

mallv^X e ^ e d™ ti0n t Pr ° V | deS a r etHOd ° f PreParin9 30 isocyanatoorganosilane by elevated temperature ther- 
r £ de compos,t,on of a carbamatoorganosilane preferably at a temperature in the range of about 300 to 

f^vl^r 3 "J 336 9eneral,y Und9r ambient ° r feduced pressure Pref erabfy the method is used to prepare an 
.socyanatoorganosilane having the general formula ^(R'O^SiR'NCO from a carbamatoorganositene having the 



3 



40 



45 



SO 



ss 



EP 0 649 850 B1 

general formula R x (R"0)3. x SiR'NHC0 2 R according to the equation: 

Heat 

R J ,(R ,, 0) 3 . J| SiR'NHC0 2 R ~™ > R «( R "°) 3 -«SiR'NCO + ROH 

a^^uo ofT SSZT*** 3 Va ' Ue ° f 0t 1 ' * ° r 3> ^ R SSparate,y represents an ■** 9™P « halogenated 
alkyl group of 1 to 1 2 carbon atoms, a cycloalkyl group or halogenated cycloalkyl group of 5 to 8 carbon atoms an an/I 

R Z°2 o b c ° at ° mS ' ° r 3n a,kary ' ° r ara,ky ' 9rOUp 0f 7 to 15 carbon atoms each R" septate* ^epresenTs 
£ o of n ^ 9 ^. UP R3S '"" ° f V >iOX " 9f ° UP R 3 Si (° SiR 2)n.- herein m is an integer having a value of 1 to 4 or when x 

of 3 4 oTs Trsr: z t ,orm a d " a,ent siioxy group w^,*^ " is an ^ zsz Tzi 

hILh °,h 9 yC " C S "° Xane With the si,icon atom bearin 9 isocyanatoorgano group and R is as 

ZSESZtJL rr'v 3 "" ear ° r branCh6d diVa ' ent Sa,Urated or ""saturated hydrocarbon group of 1 to 20 
carbon atoms attached to silicon by a silicon -carbon bond, including alkylene. arylene. alkarylene and ara Mene 

start no materSJ !'nH * rec ° 9nized ,nat lhe R - and heteroatom functional groups in the 

sterling materials and products are those which can be subjected to the conditions of the method without adlerse 

m^Sst^ 

"ecSsa^, oethe ^ ' ' * " Wn ^ h S3id '^-atoorganosi.anes will generally, but not 

The method of the present invention generally is performed in continuous fashion In any flow-throuqh apparatus 
having the capab, ty for maintaining an inen atmosphere, for vaporizing the carbamatoorganositen ™ maSfor 
ZolT,L a R n a H h ^T", f n 6 31 a " el6Vated P^rab.y in the range of about ^OMo 600 " fo 

^SSS^SfS^ ° f T ininQ PhySiCa ' int69ri,y a9ainSt ,he re,ative| y h '9 h reac «on temperature and 
for m.n.m.z.ng thermal converse of the isocyanatoorganosilane products so formed to silicon<ontaininq ceramic 

3 r 3PParatUS ^ bS constructed from ™tal. al,oy, gtess. or ceramic materia., and may LTconnec^ed 
o ancrtlary equipment as needed for feeding the carbamatoorganositane to the vaporizer/heated reaction zone and 
f^co..ec^gandopt,onallypurifyingtheisocyanatoorganosilane products. Reaction 

since yields can be opt.rn.zed by adjusting residence times and temperatures in a given apparatus The Sod o the 

SSSZTST T, a,S °K 9 ° Pera,ed 31 atmos P h9ric . subatmospheric. or superatmospheric pressures H^wJver 
atmosphenc or subatmospheric pressures in the range of 1 3-103 - 101 3-103 Ps / 10 Jl nowever. 

X ST d r US H*" arS kn ™ in thS art f ° r the decompiitiro 1 ° rb^toT^a^ 

alcohols. However, the use of a catalyst in the method of the present invention is optional «°cyanates and 

T '? PUt t0 carbama,oor 9anos,lane vaporizer and heated reaction zone can be provided by superheated 
steam, flame furnace, or by electrical heaters, and controlled and measured by standard devices for th^rumose 

o^TTn SUCH T a ' eqUiPmem r69arding direCti ° n °' flow ' ™« <* contain^ f ows Id shape 

Z^Zo^nZ^ZT narrOW,y t C / i,iCal ° nS aSS8mbly ° f eqUipment ' 9enera,, y refe " ed to a n°t tube reS 
prcT^sZ in " *' Pr0dUCti ° n * "«* re9ui ' e hi9h ""P-<*«" 

i—lStr?" appa : atus u for con <*ucting the process of the present invention on a laboratory scale comprises a stain- 

heated^l,o 1 n 0 zo 3 n:fem^ ^ n ^ P SS^C" ,,0, ^ ,emP9ratUreS *" ^ " ^ ^ 
u J^ S a « d « erSt0 ° d Va ^ OUS mechanical devices k" 0 ^ the art. such as spray nozzles or atomizers may be 
used to ass.st m vapor,z.ng the carbamatoorganosilane raw materials, and that the vaporizer temperature n^ not be 
different from that of the temperature prevailing in the reaction zone temperature need not be 

nro,r re I erred ,f °° r9anOSilanes and the resu,tin 9 isocyanatoorganosilane products are those wherein the R 
groups have 1 to 4 carbon atoms, and most preferably 1 to 2 carbon atoms. Alkyl groups are prefer^ Te methvtw 

?2aS5T 9r ° UPS ^ R 9r ° UPS ' trime,h y te ^» 9-^- ordivalen^kTxy groups. 

n is 3 or 4, formed from two R" groups when x is 1 . Preferred R' groups are linear or branched dfvl ent SocXn 

preTabrtheXa I^hJT^ * *° ^ ^ n is " W^^KSS 

CSSSU ^alent hydrocarbon group -(CH^, .t is understood that the divalent hydrocarbon group -6 n H 2 - can 

JI T - 1 '^y 3 " 318 9"»P o' the product may be attached to a primary secondary or terSry carSn 

-CH 2 CH 2 CHMeCH 2 -. -CH 2 CH 2 CMe 2 CH 2 , and -CH 2 CHMeCH 2 - where Me is a methyl group, are also preferred ^ 
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^saHa of the present invention Preferred vaiues of x inciude °- 1 - and 2 - wi,h ,he va,ues ° f ° and 1 bejn 9 mos « 

Carbamatoorgaosilanes useful in the method of the present invention for making isocyanatoorganosilanes mav 
Sh JTteZSJEZ (^)3Si(CH 2)3 NHC0 2 Me. Me(MeO) 2 Si(C 9 H 2 ) 3 NHC0 2 Mr 

(E t O) 3 S-(CH 2 , 3 NHC0 2 Et. Me(EtO) 2 Si(CH 2 ) 3 NHC0 2 Et, Me 2 (EtO)Si(CH 2 ) 3 NHC0 2 Et PrOUSi 

mSS CHMeCH NH C ^ S ?J?£^^ HCO * Me - Me(MeO) 2 SiCH 2 CHMeCH 2 NHCf^Me, 
^S^^S^£2S?^ , J^S'C^CHMeCHaNHCOaMe. Me(EtO) 2 SiCH 2 CHMeCH 2 NHC0 2 Et, Me 2 
5?l £5S » 2 NHC °2 Et ' (MeO) 3 Si(CH 2 ) 4 NHC0 2 Me, Me(MeO) 2 Si(CH 2 ) 4 NHC0 2 Me Me,fMeOiSi 
(CH 2 ) 4 NHC0 2 Me. Me(EtO) 2 Si(CH 2 ) 4 NHC0 2 Et, (F 3 CCH 2 0) 3 Si(CH 2 ) 3 NHC0 2 Me, MefF, CCH,oScH II MHcSSS 

like wherein Me is a methyl group. Et is an ethyl group, and Pr is a propyl group 2 2 ™* 

The carbamatoorganosilane raw materials may be prepared by any of the variety of methods known in the art 
including by react.on of aminoorganosi.anes wrth ch.oroformate esters, by reaction ofhydrosilaTs wZn saturated 
carbamate esters by reaction of chloroorganosi.anes with cyanate salts in the presence of an ateohoTor b reason 
of ammoorganosHanes wrth dialky. carbonates in the presence or absence of a catalyst. The latter me hodYs the pre- 

£2£2? vH diSC,OSed " U S 5 ' 218 ' 1 33> aSSi9n8d l ° the ~™ assi 9 nee - the P^«n ^en^on t ^un- 
derstood that virtually any am.noorganosilane can be converted to the corresponding carbamatoorganosilane and 
saidcorrespond.ng carbamatoorganosilane can be converted to the corresponding isocyanatoorganosHanTby tne 

*> the" ™l e r n Sent inVe " ti0n - ^ Pr ° ViSOS ,h3t thS corres P°"^9 carbamatirganLHane bfva^onzabte and 
20 the corresponding .socyanatoorganosilane be stable under the gas phase reaction conditions 

ab nil imin™ th< ^ e 3mino ° r 9 3nosi,3 ™s used »° P^pare the specific carbamatoorganosilane structures shown 
be JEE? 9 f T ead '" 9 10 C3rb3 matoorganosilanes useful in the method of the present invention also may 
fcHlC^rwLT 9 ,?£o 0,: ( Me °)3 Si (CH 2 ) 2 CMe 2 NH 2 . Me(MeO) 2 Si(CH 2 ) 2 CMe 2 NH 2 . (MeO) 3 Si 

CH 2 ) 2 CMe 2 CH 2 NH 2 , (EtO) 3 Si(CH 2 ) 2 CMe 2 CH 2 NH 2 .Me(Meo) 2 Si(CH 2 ) 2 CMe 2 CH ; ,NH 0 M e fEtO?Si 

(btO) 2 Si(CH 2 )2C 6 H 4 CH 2 NH 2l (EtO) 3 Si CH 2 ) 3 OC 6 H 4 NH 2f Me(MeO)oSi(CHo^OC*H.NH >m*™ qj 

(CH 2)3 NHC 6 H 4 NH 2 . Me(E«0) 2 Si(CH 2 ) 3 NHC 6 H 4 NH 2 , Me(Me 3 SiO) 2 Si(CH2) 3 NH 2 ^ ' ^ 

^(OSiMe 2 ) 3 o5 iMe ( CH 2 ) 3 NH 2 , <(OSiM^7IoS iMe ( CH, ) 3 NH 2 , 

nylSe 3 Joup 2),lNH2 ' (Me ° )3SiC 6 H « NH *' and the ,ike "herein Me and Et are as defined above and C 6 H 4 is a phe- 

3S ^^fT^r^T*™? haVi " 9 thS f0rmUla R x(R"0)3-,SiR'NCO. wherein Ft is a divalent branched hydro-carbon 
ChTch ° CM CH^ ?M m ^riu ably SS,eCted fr ° m the 9fOUp ° f -CH 2 CH 2 CHMeCH 2 -, 
£ ^™5nMn!f r 2 "' £ "f ? *' 3nd R> R " 30(1 X are 35 defined 35 3bove - h3ve not been prepared prior to 

^view of Tt^^ T eP *T n ° f ,hSSe m °' eCUleS bV thS PfOCeSS ° f the present invention was unexpected 
o" Z2 sTch CH C M i rC 9 ,r V me , 9rOUp R ' to promote c y cliz3ti °" ^tions. For example, the facile cycLtion 

<o l^^t^^Z Z " d<SC,OSed " C ° Pendin9 aPP,iCa,i ° n Seria ' Na 07/ " 3 - 304 ' aSSi ^ ed to *° S3 ™ 

The isocyanatoorganosilanes, R x (R"0) 3 . x Si(CH 2 ) 3 NCO. wherein R» represents a silyl group FUSi- or wherein two 

IT'" 9 !L / 3 dWa ' ent Si ' OXy 9r ° UP - SiR 2 (° SiR a)n-. and wherein R. n. and x areas defined abo^e poTsSy 

Whereat ««7 T^' ** "* eXCepWon °' have no. been so prepared 

mesm^t ra 3 ! « IT "T ° f Pr6Sem i " Venti0n * 561 ,0rth ,he 3ppended C,3ims - tne followin 9 specSic exam- 
ples Ulustrate certain aspects of the present invention and. more particularly, point out methods of evaluating same 

J^J^TSJ^^* PUrPOS6S ° n,V ^ ^ "° ?t0 be CO " s,rued 3S SaS-% Sa Th e 

present invention. The abbreviates g. mol, min, sec, cm. mm. and ca respectively represent gram molecular eouiv 

l^T Q - T 00 ^ Cen,ime,er " mi " ime,er - abOUt: '« re is d ^ees Cen^ade ^ Sand by- 

product percentages are reported as weight-percent values, corrected by appropriate response factors as determined 
by gas chromatography. All reactions were run under an inert atmosphere of nitrogen, or under a r Juci p^esTuT 

EXAMPLE 1 - PREPARATION OF 3 -ISOCYANATOPRQPYLTRIMETHOXYSILANF 

ss h , . M . athy ' N -( 3 - trimetnox y si, y | P f oPy')carbamate (11 35 g. 4.79 mols) was fed to a vertically mounted stainless steel 
the ^ 8 t reaCt0r - ^ Staini6SS Stee ' Sadd ' es ^ havin 9 3 vo,ume of 65 cm3 - « 3 raTe of , ^TnrZlo 

Si-T^TEl" 3 VaP ° nZer and "~ ma ' ntained 3t ^ ° Wh " e ^ f8mainder of ,he re3ctor ^ '"aintLin^ a 
Ssk con^ti ?o T maint3ined at 53 ' 3 - 103 P3 (40° Hg). Product was collected in an air^ooled 

flask connected to the lower end of the reactor at ambient temperature. Subambient cooling was achieved by the 
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' ^ZI'^ZTa^^ °' ^'-Vana.cprcpy.trimethoxysi.ane was collected a, a purity of 92%, based 
EXAMPLE 2 - PREPARATION OF S-ISOTYA NATOPROPYI TRIETHOXYSH anif 

EXAMPLE 3 ■ PREPARATION OF 3-ISOCVAN A TOPROPYI MFTHYI -niMFTHPYVO.i m 

zrssr 8 " , - 6 * aos -* 7e% - • 5 — - ■ • • 

EXAMPLE 4 - STABILITY TFST OF 3-ISDf: Y ANATOPROPYLTRIETHOyVRll AMP 

e ,r fl nt S »S! P ,H/ f PU f ^^^^rapyftriethoxysilane was passed through the hot tube reactor of Example 2 
except that the reactor temperature was 465° C and the pressure was 40 0-103 Pa IV)n w „ " example ^. 
in the reactor was 3.0 sec. On,y 2.5 % of close-boiling b^SS 2^ZJiS JiZSZSS 

£ „2 ? h C 3 : aVSiS - TNS eXamp ' e ShOWS ,hat P roducts of tne P roce " of the present Svemtoi are stable 

UPd6r feaC,i0n COndi,i ° nS ' ,hat Une ' UtSd heaVi6S are « <°™ d <™ und^r 

EXAMPLE 5 - PREPARATION OF 3 3-DIMETHYI -4-I fi O CYANATO-BUTYl METH YLDI MFTHnyysi I a MC 

Q) v^oass^^ Me(MeO) 2 SiCH 2 CH 2 CMe 2 CH 2 NHC0 2 Me (18 4 

a ' 3?0-C and Ztl ruTT™^* 1 * 3 ra,e °' 1 * ^ * 53 - 3 - 1 ° 3 Pa ^ mm > H 9 witn the vaporizer 

?MeO) S?CH CH CM CH TrnJl 0 -^ W3S St " PPed Under Vacuum to V ie ' d 15.6 g S Me 

(MeO) 2 S.CH 2 CH 2 CMe 2 CH 2 NCO (85 % purity by gas chromatographic analysis, 82% yield). 

COMPARATIVE EXAMPLE A - 1 IQI IIP PHASE PRFPAPA T |QN OF 3 -ISO<":VAfv|A,TOPRQPYI TRIPTHOXYS.t A IMF 

mm 25?1 N a ; (3 - ,rie,h ° xvs i il y'PrapyOcarbamate (348.7 g. 1.19 mols) was heated at 200" C for 5 hours at 6 7-103 Pa (50 
TZ^ T 9 ' aSS flaSk reaCt ° r W3S fitted with a 10 ,ra V Oldershaw distillation column to rlove the isocl 

^2 n ^! product to a receiver « was fotned. Product cuts were collected at 149-156 "c/6 7™ P « mm 

7 mmHa C wi a 9 ofw^i 0 ,? °' 3 - iS ^ a - tOPr ° Py,,rie,hOXySibne ^ »- - "«£ aU54 68' S 
Sm carbamate 1^ 5?£t£2 which conta.ned only 51.6% of 3-isocyanatopropy.triethoxysi.ane. with 11.1% of cyclic 

compares well with the 72.9% yield calculated from Example 2 US 3 607 901 a^TLniH nh!l "S? 

SnYTT °, ^ 3,6 ° 7 - 901 - ° f " qUid PhaSS P«^^^^ 

w^X^ 

COMPARATIVE EXAMPLE B - LIQUID PHASE STAR.. .Ty QF 3-ISOCYAIMATOPROPYLTRIFTHOYVgn tME 

almo^fafi^ as p repared Comparative Example A, was heated under an inerl 

p eTent After 2 dl ani r T' 7"* ^ l ° 85 6 % ' WWh 121% °' si,vl carbamate being 

nflZZL th , 1 Samp,e conta,ned 57 8 % of heavies, as determined by gas chromatoaraohic 

analyse This example, ,n conjunction with Example 4 of the present invention, shows that is«?^tc^2 STJs 
aremuch less stable under .K,uid phase conditions than they are undergas phase condMonsaSSe^ 
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are much higher under gas phase conditions. 

The principles preferred embodiments, and modes of operation of the present invention have been described in 

^IZTZ^ TT ^ ,n r en,i ° n iS intSnded t0 bS Protec,ed herein ' however - is «<* to be construed as 
limited to the part.cular forms disclosed, since they are regarded as illustrative rather than restrictive 



Claims 



' I^TT'" 9 i * JC >' a ™'°°'l*''«**>n9 comprising vaporizing a carbarnatoorganosilane and haating 

. The method of Claim 1 wherein the isocyanatoorganosilane has the formula R^FTOU x SiR'NCO wherein x is an 
integer having a value of 0. 1, 2. or 3, each R separately represents an alkyfgroupof 1 to 12 carbon Ltonl a 
%£ZTZ ^ 9 7 P l ° 1 2 Carb ° n at ° mS - 3 CyCtoa,ky ' 9r ° Up ° r 3 nalo 9*nated cyc.oa.kyl group of sTo 8 
ff selraw ^ 9 , r0U o P °' 6 , to 14 Carb ° n a,0mS ' ° r 3n alkafyl ° r aralk y' 9 rau P of 7 to 15 carbon atoms, each 
r a iu e P o a Tr/ e T e « f R " 3 S " yl 9fOUP RaSK 3 Si ' OXy 9roUp R 3Si(OSiR 2)m - wherein m is an integer having a 
value of 1 to 4, or two R" groups together may form a divalent siloxy group of the formula -SiR 2 (OSiR,) - wherein 

? II £ S2T f Vin9 VTf * 4 " ° f 5 ' and R " 33 defined above ' 30(1 R> is a diva,e "< "5 ocaSn gtup * 
1 to 20 carbon atoms attached to silicon by a silicon^arbon bond, and wherein R and R' optionally coma?, heter 

oThaTogen ^ *~ ^ °' * h-r ' ,hi ° eth8r> SUlfone ' ketone ' este " niS. 

The method of Claim 1 wherein the elevated temperature is between 300" C and 600' C and said reaction zone 
is ma.nta.ned at a reduced pressure between 1,3-103 and 101,3-103 Pa (10 mm and 760 mm Hg). 

The method of Claim 2 wherein R" is selected from the group consisting of divalent alkylene groups divalent arvlene 
groups, divalent alkarylene groups, and divalent aralkylene groups. * 

r^rfj* °' Cla i, m 2 , Wherein ° iS 3 mS,hyl 9f ° Up ° r an e,hyl 9rou P and ths R 9° U P S ^ched to oxygen atoms 
are the same, x is 0 or 1 , and R' is -(C^)-, where n is an integer of 3 to 6. 

6 ' I?u C ' aim 1 WhGrein the carbamatoorganosilane is selected from the group consisting of (MeOUSi 

^SS^^^^^" 6 ^' ( E ^i(CH 2 ) 3 NHC0 2 E, where Me is a mjtf ££S 
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is rme^gro^p 2)3 < OS ' M ° 2 )3°SiMe(CH 2 ) 3 NCO, and (OSiMe 2 ) 4 OSiMe(CH 2 ) 3 NCO. where Me 

m^nTw'l 0 ' Claim 1 ^ er !i n thS reaCti ° n ZOne com P' ises a continuous flow-through metal tube reactor with 
means for vaponz.ng sa.d carbamatoorganosilane and for collecting said isocyanatoorganosilane. 

?2*^!!%T nOSi,a ?l haVin9 thS '° rmU,a ^(""Oa-xSiR'NCO, wherein x is an integer having a value of 0. 
^2, J£l R Separate ,^ ; e P resent = a" alkyl group of 1 to 12 carbon atoms, a halogenated alkyl group of 1 to 

to ffZZZZZl* dMi ? 9 T P ° f 3 ha, °9 enated 9™P <* 5 to 8 carbon atoms, an ary. group of 6 

to 14 carbon atoms, or an alkaryl or aralkyl group of 7 to 15 carbon atoms, each R" separately represents R a 

SUET"' *f 3 Si ' OXy9r ° Up V.OS.FW wherein m is an integer having a value oM to for £ E groups 
together may form a d.valen, siloxy group of the formula -SiR 2 (OSiR 2 ) n - wherein n is an integer having a value of 

CH CH CHMeCH "i5 Ju ^ ^ " " Se,eCted ^ thS gr ° Up COnSiStin 9 of ^H 2 CH 2 CMe 2 , 
CH 2 CH 2 CHMeCH 2 -. -CH 2 CH 2 CMe 2 CH2-. and -CH 2 CHMeCH 2 -, where Me is a methyl group 
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1 * uSSs umfassenddas Verdampfen eines Carbamatorganosilans 

f^™ e k / 9r ^ Pften ^^torganosilans in einer Reaktionszone bei einer erhohten T^mperatur 
fur einen ausre.chenden Ze.traum zur Bildung des Isocyanatorganosilans. peraiur 
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5. 



6. 



7. 



8. 
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Verfahren gemaG Anpruch 1, worin das Isocyanatorganosilan die Formel FUR-Ol Qip-wrn hot ■ - 
ganze Zah. mit einem Wert von 0. 1 . 2 oder 3 M. jede's R gesondert H^^^JSS^? 
men, ene halogen.erte Alkylgruppe mit 1-12 Kohlenstoffatomen. eine Qi^^^^ ^S^S^ 

□WeF \l7c^m i ; 15 <5f K °^ ,ensto,fatome " s,eht - j«des R- gesondert fur R, eine Silylgruppe R 3 Si, eine Siloxyl- 
gruppe R 3 Si(OSiR 2 ) m - steht, wonn m eine ganze Zahl mit einem Wert von 1 -4 ist, Oder zwei R'-Gruooen zusammpl 
eine zweiwertige Siloxygruppe der Formel SiFU/ncsiR \ kiM*„ uaerzwei m taruppen zusammen 

von 3 4 oder 5 ist und R w£ JUL hLT f -T ' i )n " b " den k ° nnen ' wor,n n e,ne S 3029 2301 mrt «nem Wert 

Verfahren gemaB Anspruch 2. wobei R eine Methylgruppe Oder eine Ethvloruena ist unri n as> 
SsuarsIollalomengebunamsind.gWchsina.xOodw^landFr -(C„h" )! ^1^^ ^ e^je^vm 3 6 J" 

Isocyanatorganosilan die Formel R x (R-0) 3 . x S.R'NCO hat, worin x eine ganze Zahl mit einem Wert von 0 1 2 
Tl2 Koh en'SrS 9eS ° ndert ~" Mk *W° m « Kohlenstoffatomen. eine h^ogenielX-gmppe m* 

biH 2 (OSiR 2 ) n - bilden konnen, worm n eine ganze Zahl von 3 4 oder 5 ist unri R wio JL„ h « • J- 7 UB ' r ° rRiei 



Revendications 



2. 



S C h a uZf rt k ,soc y anato ^^anosilane, comprenant la vaporisation d'un carbamoto-organo-silane 

et le chauffage de ce carbamato-organosilane vaporise dans una zone de faction a une temoeVa?^^! 
pendant une duree suffisante pour former cet isocyanato-organosilane. temperature elevee 

Z°™t* SU ^7 a^, la , revendication 1 • 'equel I'isocyanato^rganosilane repond a la formula R,(R- 0) , SiR'NCO 

a Ky e de 1 a 1 2 atomes de carbone, un groupe alkyle halogene de 1 a 1 2 atomes de carbone un grouoe cvclLlkvfa 
ou un groupe cycloalkyle halogene de 5 a 8 atomes de carbone, un groupe aryle de 6 a M aSmes de 
ou un groupe a.karyle ou ara.ky.e de 7 a 15 atomes de carbone. chaque R- rep7esente ^separeme^t R un Q ™ 
b£n dS!"' 9r °= Pe Si,OXy R 3 Si (° SiR 2 >n,- dans leque. m est un nombre emier aya^fuTe vT.eur de T f 4 ou 
bien deux groupes R- peuvent former ensemble un groupe siloxy divalent de formule -SiFUfOS,^ H 1 ■ n 
n es, un nombre entier ayan, to va.eur 3. 4 ou 5. e, R esue. qu^defrni c J^T^T^e S 
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divalent de 1 a 20 atomes de carbone lie au silicium par une liaison silicium-carbone, et ou R et R' component 
facuftatrvement des groupes fonctionnels contenant un heteroatome, choisis dans le groupe consistant en ether, 
thioether, sulfone, c^tone, ester, amide, nitrile ou un halogene. 

Proced6 suivant la revendication 1, dans lequel la temperature elevee se situe entre 300°C et 600°C et la zone 
de reaction est maintenue sous une pression reduite comprise entre 1.3.10 3 et 101.3.10 3 Pa (10 mm et 760 mm 
de Hg). 

Precede" suivant la revendication 2, dans lequel R* est choisi entre des groupes alkylene divaients, des groupes 
arylene divaients, des groupes alkarylene divaients et des groupes aralkylene divaients. 

Precede suivant la revendication 2, dans lequel R est un groupe methyle ou un groupe ethyle et les groupes R 
lies a des atomes d'oxygene sont les memes, x a la valeur 0 ou 1 et R* est un groupe -(C n H 2n k dans lequel n est 
un nombre entier de 3 a 6. 

Precede suivant la revendication 1, dans lequel le carbamato-organosilane est choisi dans le groupe consistant 
en (MeO) 3 Si(CH 2 ) 3 NHC0 2 Me, Me(MeO) 2 Si(CH 2 ) 3 NHC0 2 Me et (EtO) 3 Si(CH 2 ) 3 NHC0 2 Et, ou Me est un groupe 
methyle et Et est un groupe 6thyle. 

Precede suivant la revendication 2, dans lequel I'isocyanatoorganosilane est choisi dans le groupe consistant en 
Me(Me 3 SiO) 2 Si(CH 2 ) 3 NCO, (Me 3 SiO) 3 Si(CH 2 ) 3 NCO, (OSiMe 2 ) 3 OSiMe(CH 2 ) 3 NCO et (OSiMe^OSiMe 
(CH 2 ) 3 NCO, ou Me est un groupe methyle. 

8. Precede suivant la revendication 1, dans lequel la zone de reaction comprend un reacteur a tube metallique a 
ecoulement continu equipe de moyens permettant de vaporiser le carbamato-organosilane et de recueillir I'iso- 
cyanato-organosilane en question. 

9. Isccyanatoorganosilane repondant a la formula R^R-OJ^SiR'NCO, dans laquelle x est un nombre entier ayant 
la valeur 0, 1 , 2 ou 3, chaque R represente separement un groupe alkyle de 1 a 12 atomes de carbone, un groupe 

30 alkyle halogene de 1 a 12 atomes de carbone, un groupe cycloalkyle ou un groupe cycloalkyle halogene de 5 a 

8 atomes de carbone, un groupe aryle de 6 a 14 atomes de carbone ou un groupe aJkaryle ou aralkyle de 7 a 15 
atomes de carbone, chaque R" represente separement R, un groupe silyle R 3 Si- t un groupe siloxy R 3 Si(OSiR 2 ) m - 
dans lequel m est un nombre entier ayant une valeur de 1 a 4, ou bien deux groupes R" peuvent former ensemble 
un groupe siloxy divalent de formule -SiR^OSiR^- dans laquelle n est un nombre entier ayant la valeur 3, 4 ou 

& 5, et R est tel que defini ci-dessus, et R' est choisi dans le groupe consistant en -CH 2 CH 2 CMe 2 -, 

-CH 2 CH 2 CHMeCH 2 -, -CH 2 CH 2 CMe 2 CH 2 - et -CH 2 CHMeCH 2 -, ou Me est un groupe methyle. 
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